OBJECTIVE: To assess the relationship of dietary fat and sugar consumption in men and women with different body mass indices (BMI). To determine the actual food sources for sugar intake, comparing differences between men and women across BMI groups. The effect of excluding individuals with low energy intakes (that is, invalid data) on these relationships was also incorporated in the analysis. SUBJECTS: Subjects for this analysis were those individuals who participated in the 1986 ± 1987 Dietary and Nutrition Survey of British Adults (DNSBA). METHOD: In the DNSBA, dietary intake was assessed using seven-day weighed food records, providing estimates of dietary fat and sugar intake. From the DNSBA database food records, sources of sugar intake were classi®ed into ®ve sugar containing food groups (high fat sweet products, fruits, dairy products, sugar products (excluding soft drinks) and sugar products (including soft drinks)). BMI was calculated from the measurement of height and body weight. RESULT: A positive relationship between BMI and dietary fat intake was found for men, both when fat was expressed as a percentage of energy and in absolute terms (gad). This relationship was only replicated for women when intake was expressed in absolute terms. A negative relationship was found between sugar intake (as a percentage of energy) and BMI in men, but not women. Expressing sugar consumption in absolute terms did not produce a statistically signi®cant relationship with BMI for either men or women. In women the only sugar source associated with BMI was high fat sweet products (for example, cakes, biscuits, chocolate), where higher intakes were related to higher BMIs. The reverse relationship was found for men. In men, BMI was also negatively related to the intake of sugar products (for example, table sugar, preserves, sugar confectionery), both when soft drinks were included and excluded. The inclusion of low energy reporters (LER) in the analysis altered the relationships between nutrients and BMI, particularly among women. The association between overall fat intake (gad) and BMI was weakened, while the negative relationship with sugar intake was strengthened. In the case of women, the inclusion of LER completely reversed the relationship between consumption of high fat sweet foods (cakes, biscuits, chocolate) and BMI (due to the reduced reporting of these products by obese women). Fewer alterations in the relationships between BMI and the sources of sugar consumed were observed in men than in women when LER were included in the analysis. CONCLUSION: The relationships between dietary fat, sugar and BMI are different in men and women, and are dependent on the inclusion of LER, particularly in women. The results suggest that among women the consumption of high fat sweet products may be a factor in understanding obesity. Furthermore, the observation of high consumption of these foods among obese women is consistent with measured preferences for these high fat sweet foods. The altered representation of the data created by LER appears to distort the relationship between sugar, fat and the degree of obesity in men and women.
Introduction
A controversial issue that continues to dominate the understanding of obesity is the role of dietary fat and sugar consumption in weight gain. The debate hinges on the relationship between these nutrients in the diet, which tends to be over-shadowed by the well documented sugar-fat seesaw. 1 The sugar-fat seesaw, reported in a number of studies, 2 ± 5 has led to the proposition that it is not possible to meet current dietary recommendations (that is, to reduce intakes simultaneously of both sugar and fat). 2 In contrast, Emmett and Heaton 6 proposed that`F F F extrinsic sugar is a vehicle for dietary fat', implying that a positive relationship between these nutrients exists. These con¯icting relationships can be explained partly by the way in which the nutrients are expressed. When expressed as a percentage of energy intake, the sugarfat seesaw is clearly observed, but when expressed in absolute terms (grams) a positive relationship is found.
palatability of such foods. The inference being that the increased palatability could lead to overconsumption, thus creating a risk factor for obesity. Contrary to this, however, are the data from the Scottish Heart and Health study and the MONICA study, showing a positive relationship between fat intake and body mass index (BMI), but a negative relationship between sugar intake and BMI. 8 An important distinction may be the way in which these nutrients are combined in the diet. When these nutrients are considered independently, it is generally agreed from biochemical and metabolic studies that there is little reason to implicate sugar consumption with obesity. 9, 10 Diets, however, combining high intakes of these nutrients could potentially alter the role of sugar intake in the development of obesity. For example, a diet high in sugar and fat is likely to result in the suppression of fat oxidation, theoretically creating a metabolic environment likely to promote obesity. 11 ± 14 In the light of the con¯icting role of sugar consumption associated with fat intake and obesity, the present study set out to explore these relationships using the Dietary and Nutrition Survey of British Adults (DNSBA). 15 Two principal objectives were de®ned. First, to assess the relationship between BMI and sugar and fat consumption, and second, to determine the actual food sources of sugar intake. A further aspect of this work was to explore the impact of invalid dietary data (that is, low energy reporters (LER)) on these relationships, and disclose whether similar relationships prevail in men and women.
Methods
All subjects completed seven-day weighed food records, and their heights and body weights were measured, from which their BMI was calculated. 15 
Subjects and inclusion criteria
Subjects included in the analysis were those individuals (n 2197) who took part in the DNSBA, conducted between 1986 and 1987. 15 All subjects lived in the UK and their ages ranged from 16±64 y. Further information describing the survey and database is reported in detail in the DNSBA report. 15 In the current analysis, a series of exclusion criteria was used. Firstly, the decision was made to exclude individuals who reported being ill or on a slimming diet during the seven-day food recording period. These individuals were excluded on the basis that their reported intake was unlikely to be an accurate re¯ection of their habitual diet. The impact of including dieters in large nutritional surveys has been shown to weaken relationships between energy intake and BMI. 16 Secondly, the effect of including invalid dietary intake data, (that is, LER), on the analysis was considered. The analysis was initially conducted excluding LER (based on the calculation of the ratio of their energy intake to basal metabolic rate (EI:BMR)). BMR was estimated from the World Health Organisation (WHO) equations. 17 An EI:BMR`1.2 was used as the cut-off point for exclusion. Values`1.2 have been reported to be rare for a habitual energy intake and therefore are considered to re¯ect under-reporting or possible modi®cation of dietary intake during the recording period, resulting in low energy intakes. 15, 18 The analysis was conducted initially on 1239 subjects, excluding the LER, then repeated including all subjects (excluding only dieters and those who were unwell) (n 1853). It is important to recognise that using a cut-off criterion to identify LERs does not eliminate the problem of including invalid data, for it is evident that underreporting can still occur among individuals above this cut-off point. 19 It does, however, remove subjects who clearly have energy intakes that are too low to re¯ect habitual intakes.
Food groups
Dietary fat and sugar consumption were based on total intakes of each nutrient expressed both as a percentage of food energy and an absolute amount (gad). The DNSBA database did not separate sugar intake into intrinsic and extrinsic sugars. This is believed to be an important distinction to be made when considering the sugar and fat relationship. 20 In the present study, total sugar consumption was broken down into ®ve food groups, re¯ecting the different sources of sugar in the diet. These groups were classi®ed as high fat sweet products, fruits, dairy products, sugar products (excluding soft drinks) and sugar (including soft drinks). High fat sweet products included cakes, biscuits, pastries, chocolate and desserts; fruits included all fresh and tinned fruit; dairy products included all types of milks, yoghurt and cream; and sugar products included table sugar, preserves and sugar confectionery (not chocolate). Sugar (including soft drinks) contained the same foods as the sugar products category with the addition of soft drinks (not low sugar drinks).
Statistical analysis
All statistical analyses were carried out using SPSS for Windows (version 6.1) (SPSS Inc., Chicago, IL). Linear regression models were used to determine the relationship between BMI and nutrient intakes (that is, dietary fat and sugar consumption, when expressed both as a percentage of food energy and in absolute terms (gaday)). To assess curvature, a quadratic term (BMI 2 ) was included in the model. All these models were adjusted for the individuals' ages.
Due to the positive skewing of the sugar containing food data (gad), the ®ve variables (food groups) were log transformed. Linear regression models were used to determine the relationship between speci®c foods In this study, a BMI b 30 kgam 2 de®ned obesity. In anticipation of gender differences in the relationships described above, the main analyses were carried out separately for men and women.
Results
The impact of excluding LER on the sample distribution of BMI The exclusion of LER reduced the overall sample size, but this was not proportional between men and women or across BMI groups. In total, 40% of women compared with 27% of men (excluding dieters and individuals who were unwell) were classi®ed as LER (that is, EI:BMR`1.2). Among women, a progressive increase in the proportion of LER was found with increasing BMI, from 27% in lowest BMI group (`20 kgam 2 ) to 69% among obese women ( b 30 kgam 2 ) (Figure 1 ). The highest proportion of LER in men was again among the obese (52%), but the lowest proportion was in the 20±25 kgam 2 BMI group (21%).
Dietary fat and sugar consumption by men and women with varying BMIs
Exclusion of LER. Figure 2 illustrates that fat intake tends to increase steadily as BMI increases, but no corresponding decrease in sugar consumption is seen when these nutrients are expressed in absolute terms (gad). This ®gure shows the nature of the relationships before the data are split into men and women for the analysis. As the following analysis reveals, if the data are not split for men and women, important gender differences in nutrientaBMI relationships can be concealed. Table 1 summarises the relationships (based on regression models) for dietary fat and sugar consumption across BMI groups for men and women separately.
High intakes of fat (expressed both as a percentage of energy and in absolute terms) were statistically signi®cantly associated with higher BMIs in men (P`0.001, P`0.001, respectively). While a similar relationship existed for the absolute intake of fat for women (P`0.001), this did not follow for fat intakes expressed as a percentage of energy (P 0.48). Where signi®cant relationships occurred, these tended to be linear rather than curvilinear (non-signi®cant BMI 2 terms in the models).
For men, in contrast to fat consumption, greater sugar intake was related to lower BMIs when expressed as a percentage of energy (P`0.001). This association was not apparent in women for whom there was no clear relationship (P 0.10). Sugar consumption, in absolute terms, did not reveal a statistically signi®cant relationship with BMI for either men (P 0.14) or women (P 0.38).
Considering obese subjects, there was an interesting difference between men and women in their sugar consumption (gad), but this was not statistically signi®cant (Table 2) . Obese men tended to have the lowest intake of sugar, compared to other men with a BMI 30. This was consistent with the decreasing trend in sugar consumption with increasing BMI. Obese women, however, had the highest intakes of sugar, failing to follow the decreasing trend in consumption with increasing BMI observed across the other BMI groups (that is,`20 kgam Differences in sugar and fat intake of men and women JI Macdiarmid et al nutrient±BMI relationships, when expressed as a percentage of energy intake ( Table 1 and Table 2 ), except with sugar consumption in women. The inclusion of LER revealed a signi®cant negative relationship between the percentage of energy derived from sugar and BMI (P`0.001) not seen previously. When nutrients were expressed in absolute terms (gad) their relationship with BMI altered. For men the inclusion of LER produced a statistically signi®cant negative correlation between sugar intake (gad) and BMI (P`0.001) and weakened the relationship between fat intake (gad) and BMI (P 0.03) ( Table 1) .
For women, the statistically signi®cant relationship previously seen between fat intake (gad) and BMI, was lost (P 0.64), but now consistent with men, a statistically signi®cant negative relationship between BMI and sugar intake (gad) was revealed (P`0.001) (see Table 2 ).
Different food groups contributing to sugar intake across BMI groups
Having identi®ed differences in sugar consumption for both men and women across BMI groups, it was important to determine which foods were contributing to these differences. Table 3 shows the regression models for the consumption of the foods (gad) in each of the ®ve sugar group categories described in Methods.
Exclusion of LER.
From the regression models, it can be seen that the only food group showing a statistically signi®cant relationship with BMI in women was the consumption of high fat sweet products (P 0.04) (see Table 3 ). Higher intakes of high fat sweet products were associated with higher BMIs. Furthermore, comparing the median intakes of these Differences in sugar and fat intake of men and women JI Macdiarmid et al products, obese women consumed on average 48 gad more than non-obese women ( Table 4 ). The reverse relationship was found in men, where a greater intake of high fat sweet products was associated with a lower BMI (P 0.03) ( Table 3) . A quadratic relationship for the consumption of sugar (including soft drinks) just failed to reach statistical signi®cance among women (P 0.06). When soft drinks were excluded from the sugar products, no relationship was found (P 0.70). For men, lower sugar intakes were signi®cantly (P 0.004) associated with higher BMIs. A curvilinear relationship with sugar products can be explained by the difference between BMI groups, in consumption, becoming greater as BMI increased. The association between BMI and sugar (including soft drinks) produced the same relationships seen with sugar (excluding soft drinks) (see Tables 3 and 4) . Fruit and dairy products were not signi®cantly related to BMI for either men or women.
Inclusion of LER.
Including LER in the analysis completely reversed the direction of the relationship between high fat sweet products and BMI for women, to produce a signi®cant negative relationship (P Differences in sugar and fat intake of men and women JI Macdiarmid et al 0.02) ( Table 4 and Figure 3 ). Further relationships were revealed for women, speci®cally a lower consumption of dairy products (P 0.02) was associated with increased BMI. A curvilinear relationship for sugar products (P 0.03) illustrated a greater difference in consumption of these foods by women in the lower BMI groups than the higher BMI groups. Once again fewer changes in the relationships with BMI were found for men when LER were included in the analysis. The previous statistically signi®cant linear relationships remained (sugar (including and excluding soft drinks) and high fat sweet products) and a marginal linear relationship was revealed with dairy products (P 0.047). Fruit consumption tends to be lower at the extremes of the BMI range, suggested by a quadratic relationship (P 0.005).
Discussion
The analysis in this study has further explored the issue of the role of dietary fat and sugar consumption in obesity. It has also taken it a stage further to focus speci®cally on the foods contributing to sugar consumption. The results have drawn attention to three major issues concerning the association between these nutrients and BMI, which will form the main discussion of this paper: the difference between men and women in the nutrientaBMI relationship; the sources of sugar intake, particularly the very high consumption of high fat sweet foods among obese women, but not obese men, and the distortion of these relationships (both creating and removing associations) with the degree of obesity created by invalid dietary data (that is, LER).
The main discussion is based on the ®nding when LER are excluded from the analysis. The impact of LER however, will be addressed later in the discussion.
The relationship between BMI and nutrient intake
It is generally agreed that a positive relationship (although often weak) exists between dietary fat intake and BMI. 21, 22 However, a difference in this relationship would appear to exist between men and women. In this study, the relationship for men was consistent with the accepted positive relationship, but only for women when intake was expressed in absolute terms. In contrast to dietary fat, the impact of sugar consumption on obesity is less well de®ned, and this study again revealed a gender difference. A negative relationship with BMI was only observed for men when intake was expressed as a percentage of energy. This is likely to be a consequence of the well documented seesaw relationship between sugar and fat intake. 1 For women, regardless of how sugar intake was expressed (that is, % or g), no statistically signi®cant relationship was observed.
The relationship between dietary fat and sugar consumption, is of interest from both theoretical and practical aspects, particularly considering the interaction of these two nutrients in the diet. The consumption of sugar, when considered independently of other nutrients, is believed to be unlikely to contribute to weight gain and obesity. 10 Furthermore, crosssectional studies tend to show negative relationships between BMI and sugar intake. 8 With regard to weight gain, the role of sugar without fat may not be signi®cant or may be a contributory factor protecting against overconsumption. However, when combined with other nutrients (for example, dietary fat), the overall impact on consumption is thought to be reversed. Emmett and Heaton 6 suggested that sugar This effect has been demonstrated in experimental studies, where foods with the combination of a high sugar and high fat content produced the weakest effect on satiation. 23, 24 The addition of sugar (that is, sweetness) to fat has been shown to greatly enhance the hedonic response, again implying that the combination of these nutrients has the potential to lead to overconsumption. 25, 26 Furthermore, overconsumption of a combination of fat and sugar creates a metabolic environment in which fat oxidation is suppressed, resulting in greater fat deposition. 13, 14 The relationship between food consumption and BMI Considering the issues described above, it was important to identify the sources of sugar consumption in the diet. Differences between men and women were again observed.
High fat sweet foods. Interestingly, the intake of high fat sweet products (for example, cakes, biscuits, chocolate) was the only food group to be statistically signi®cantly related to BMI, in women (when LER were excluded). Consumption of these foods increased with increasing BMI, with the most marked difference in obese women. In contrast to obese women, obese men had the lowest intake of high fat sweet foods, supporting the negative overall relationship between these foods and BMI. Obviously, being a cross-sectional study a causal relationship between consumption and BMI cannot be assumed for obese women. This association has, however, been made in longitudinal studies. The contribution of high fat sweet foods (for example, cakes, doughnuts, cookies, ice-cream) to weight gain and obesity was measured by French et al 27 in a two year longitudinal study. These foods were found to be signi®cant predictors of weight gain for both men and women, but when these intakes were considered at baseline (that is, akin to cross-sectional studies) they did not predict body weight for women, and the relationship between these foods and body weight was negative for men. The negative association with BMI in men is in agreement with the results of the current study.
An interesting parallel exists between the consumption of the high fat sweet foods of obese men and women with measured food preferences of obese individuals. A study by Drewnowski et al, 28 of food preferences in obese men and women, showed that obese men preferred high fatahigh protein foods (that is, meat dishes), while obese women listed high fatahigh sugar foods (that is, doughnuts, cookies, cakes). This preference for high fat sweet foods among obese women, but not men, is consistent with the reported intakes of these foods in this study.
Sugar foods. In men, but not women, there was a further negative relationship between sugar products (both including and excluding soft drinks) and BMI. The greatest difference in consumption occurred between men with a BMI`20 kgam 2 and the remaining sample (positive curvilinear relationship). There was very little difference in the median intake of these foods between normal weight (BMI 20±25 kgam ). Comparing the consumption of sugary foods' (for example, jellies, honey, soft drinks), Garn et al 29 also found no relationship with the level of adiposity in adolescents. If these foods are eaten independently of other nutrients, this relationship with BMI supports the theory that sugar consumption alone is unlikely to be associated with obesity.
These data appear to con¯ict with some of the reports by Gibson. 30 Although the same database was used, different types of analyses have been carried out and have revealed different interpretations. Gibson, 30 for example, grouped food intakes, rather than using intake as a continuous variable, and did not explore differences in these relationships created by using nutrients expressed as a percentage of energy or absolute intakes. Furthermore, in this study focusing on obese individuals (BMI b 30 kgam 2 ) revealed marked alterations to the data depending on whether or not LER were included.
The impact of LER on relationships
The impact of LER on the relationships of food and nutrient intakes with the degree of obesity is the ®nal issue that has been raised from this analysis. The problem of LER (for example, dietary under-reporting) is not new and is common to all dietary surveys. 31 ± 34 The impact on the nutrientafood and BMI relationship was found to be greater for women than men. With the inclusion of LER, the increase in sugar consumption previously seen in the obese women was lost, producing a continuous linear decrease in sugar consumption with increasing BMI. This negative linear association agrees with other work, for example, Bolton-Smith and Woodward. 8 The question of whether dietary fat and sugar are more susceptible to under-reporting, due to the social view of foods containing these nutrients, remains to be determined. Some evidence suggests that high fat sweet foods are sensitive to under-reporting. In a recent study of the foods most likely to cause a reduction in consumption (if asked to record one's food intake), were cakes, pastries and confectionery. 35 These data are supported by ®ndings of Macdiarmid, Vail, Cade, and Blundell (unpublished data), showing that 20% of individuals completing seven-day weighed food records confessed to reducing their intake of high fat sweet products. The most common reason given for this behaviour was being more consciousaaware, embarrassed or guilty about what Differences in sugar and fat intake of men and women JI Macdiarmid et al they were eating. 19 High fat sweet foods, therefore, have particular signi®cance when considering dietary under-reporting.
This study furthers our knowledge of the potential for these foods to be under-reported, particularly between men and women. The relationship of reported consumption of high fat sweet foods was completely reversed (in women) when LER were included in the analysis. This was not the case for men, where a negative relationship was seen both when LER were included and excluded from the analysis. Ambivalent attitudes often exist towards high fat sweet foods, for while they are recognised as unhealthy, their consumption is associated with pleasure. This ambivalence has been found to be greater in women than in men. 36 Combining the ambivalence and the social pressures predicting intake of these foods, it is not surprising that these foods, particularly in obese women, are under-reported.
Additional negative relationships with intake of dairy and sugar products were observed when LER were included in the analysis. Again the alteration to these relationships was only seen for women, not men. The issue of under-reporting is clearly a concern in dietary surveys, especially among overweight and obese individuals. 37 ± 39 The current study furthers the understanding of those foods that are more susceptible to under-reporting in different BMI groups. These ®ndings conform to the suggestion of the impact of social desirability on the accuracy of reporting of dietary intake.
Conclusion
In summary, this study has revealed differences between men and women in consumption of dietary fat and sugar across BMI groups. It has also emphasised the importance of considering nutrients not just as single components of the diet, but how they can interact to in¯uence consumption and weight gain. High fat sweet products, particularly among women, would appear to be an important component in understanding obesity (and under-reporting). The other important issue that has been highlighted in this analysis, and thus our understanding of obesity, is that the bias created by low energy reporting can both create and remove associations with BMI.
